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A B S T R A C T
Background. Previous US studies have indicated that haemo-
dialysis with 6-h sessions [extended-hours haemodialysis
(EHD)] may improve patient survival. However, patient charac-
teristics and treatment practices vary between the USA and
Europe. We therefore investigated the effect of EHD three times
weekly on survival compared with conventional haemodialysis
(CHD) among European patients.
Methods. We included patients who were treated with hae-
modialysis between 2010 and 2017 from eight countries pro-
viding data to the European Renal Association–European
Dialysis and Transplant Association Registry. Haemodialysis
session duration and frequency were recorded once every year
or at every change of haemodialysis prescription and were cat-
egorized into three groups: CHD (three times weekly, 3.5–4 h/
treatment), EHD (three times weekly, 6 h/treatment) or
other. In the primary analyses we attributed death to the treat-
ment at the time of death and in secondary analyses to EHD if
ever initiated. We compared mortality risk for EHD to CHD
with causal inference from marginal structural models, using
Cox proportional hazards models weighted for the inverse
probability of treatment and censoring and adjusted for po-
tential confounders.
Results. From a total of 142 460 patients, 1338 patients were
ever treated with EHD (three times, 7.1 6 0.8 h/week) and
89 819 patients were treated exclusively with CHD (three times,
3.9 6 0.2 h/week). Crude mortality rates were 6.0 and 13.5/100
person-years. In the primary analyses, patients treated with
EHD had an adjusted hazard ratio (HR) of 0.73 [95% confi-
dence interval (CI) 0.62–0.85] compared with patients treated
with CHD. When we attributed all deaths to EHD after initia-
tion, the HR for EHD was comparable to the primary analyses
[HR 0.80 (95% CI 0.71–0.90)].
Conclusions. EHD is associated with better survival in
European patients treated with haemodialysis three times
weekly.
Keywords: ERA-EDTA Registry, extended-hours, haemodial-
ysis, nocturnal haemodialysis, survival
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I N T R O D U C T I O N
Patients on dialysis have poor survival when compared with
age-matched individuals from the general population [1–4].
Interestingly, various studies have shown lower mortality risks
associated with haemodialysis treatment times of >4 h com-
pared with shorter treatment times in patients from the USA,
Australia/New Zealand and Europe [5–7]. This has prompted
research into the effects of haemodialysis with session durations
far beyond the conventional 3.5–4 h, that is, extended-hours
haemodialysis (EHD), with6-h sessions.
Several previous studies have demonstrated survival benefits
of EHD. Two observational studies found better survival among
patients treated with frequent EHD (4 times weekly) com-
pared with conventional haemodialysis (CHD) [8, 9]. Yet this
finding could not be confirmed by another observational study
[10], a randomized controlled trial (RCT) that had a small sam-
ple size due to recruitment difficulties [11], and two post-trial
observational studies[12, 13]. However, these studies did not
distinguish between the effects of haemodialysis session dura-
tion and treatment frequency. Several observational studies in-
vestigating EHD three times weekly also demonstrated survival
benefits compared with CHD three times weekly [14–17].
However, most of these studies were limited to the USA. In gen-
eral, US patients treated with haemodialysis more often have di-
abetes, have shorter haemodialysis session durations with
higher blood flow rates and less often use an arteriovenous fis-
tula compared with European patients treated with haemodial-
ysis [5, 18]. Thus far, no study has evaluated whether EHD
three times weekly (with 6-h sessions) affects survival in
European patients.
We aimed to study the effect of EHD three times weekly on
survival compared with CHD among European patients. To
this end, we used data from the European Renal Association–
European Dialysis and Transplant Association (ERA-EDTA)
Registry.
M A T E R I A L S A N D M E T H O D S
Study population
The study cohort consisted of prevalent patients who were
treated with haemodialysis between 2010 and 2017, derived
from the ERA-EDTA Registry. The ERA-EDTA Registry col-
lects data on renal replacement therapy (RRT) via national and
regional renal registries in Europe on an annual basis. The core
dataset includes date of birth, sex, primary kidney disease, date
of start of RRT, dialysis modality at dialysis initiation and dur-
ing follow-up and date and cause of death. In addition, several
renal registries also provided additional clinical and biochemi-
cal data. For this study we included patients20 years of age at
any time during follow-up from the following eight national
and regional registries that provided data including haemodial-
ysis session duration and frequency: Austria, Catalonia (Spain),
France and Scotland (the UK) (2010–17), the French-speaking
part of Belgium, Finland, Norway and Sweden (2010–16). We
excluded patients who were treated with haemodialysis for
<120 days (4 months) in total, as mortality risk is highest in
this early period after starting haemodialysis [19]. All patients
were followed until death or censoring (i.e. recovery of renal
function, transfer to peritoneal dialysis, kidney transplantation,
loss to follow-up or end of administrative follow-up). End of
administrative follow-up was 31 December 2016 for the
French-speaking part of Belgium, Finland, Norway and Sweden
and 31 December 2017 for Austria, Catalonia (Spain), France
and Scotland (the UK).
Haemodialysis session duration and frequency
In the ERA-EDTA Registry, haemodialysis session duration
and frequency were recorded once every year [Austria, the
French-speaking part of Belgium, Catalonia (Spain), Finland,
Norway, Sweden and Scotland (the UK)] or at every change in
haemodialysis prescription (France). To investigate exclusively
the association of extended haemodialysis session duration with
survival, we categorized haemodialysis treatment into three
groups: CHD (three times weekly, 3.5–4 h/treatment), EHD
(three times weekly, 6 h/treatment) and other (not in any of
the previous categories). We did not distinguish between hae-
modialysis, haemofiltration and haemodiafiltration. One regis-
try (Austria) only recorded haemodialysis session frequency for
treatments 18 h/week. For this registry, we therefore catego-
rized haemodialysis treatment of 10.5–12 h/week as CHD (as-
suming treatment three times weekly) and any other treatment
<18 h/week as other.
Mortality
In the primary analyses, we attributed mortality to the last-
recorded haemodialysis treatment. If a patient’s last event was
‘limited care/stopped treatment (without recovery of renal
function)’, then we assumed that the patient died shortly
thereafter. In secondary analyses, we attributed all deaths after
initiation of EHD to EHD. We calculated person-time by sum-
ming all time attributed to each treatment.
Other variables
We calculated age at the first record of haemodialysis ses-
sion duration and frequency. Primary kidney disease was
classified according to the coding system of the ERA-EDTA
[20]. We grouped patients into eight classes of primary kid-
ney disease: glomerulonephritis, pyelonephritis, polycystic
kidney disease, diabetes, hypertension, renal vascular disease,
miscellaneous and unknown. We defined RRT vintage as the
time between the first day of RRT and the first record of hae-
modialysis session duration and frequency. Dialysis vintage
was defined as the time on RRT minus the time with a func-
tioning kidney transplant. Definitions of comorbidities are
available as Appendix 1.
Statistical analyses
We reported normally distributed numerical variables as
mean 6 standard deviation, non-normally distributed numeri-
cal variables as median with interquartile range and categorical
variables as number (percentage). We tabulated patient charac-
teristics at the time of their first record of haemodialysis session
duration and frequency, stratified for patients exclusively
treated with CHD, patients ever treated with EHD and patients
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never treated with EHD but ever treated with other haemodial-
ysis regimens.
We assessed the effect of EHD on survival with causal infer-
ence from marginal structural models using haemodialysis
treatment as time-varying exposure. Marginal structural models
are a class of causal models that can be used to estimate the
causal effect of a time-varying exposure or treatment [21]. They
are a powerful method for confounding control in longitudinal
study designs with time-varying information on exposure
and outcome [22]. In this study, this means that we assessed the
association of total time spent on EHD with survival, even if
treatment modality had been changed before death. Marginal
structural models use estimators weighted for the inverse prob-
ability of treatment (IPTW) and censoring (IPCW), which we
calculated with multinomial logistic regression models includ-
ing the variables age (years), sex, primary renal disease, country,
previous kidney transplantation (yes/no), dialysis vintage
(years) and comorbidities (diabetes, cerebrovascular disease,
ischaemic heart disease, peripheral vascular disease, congestive
heart failure and malignancy) [23]. Weights were truncated at
the 2nd and 98th percentiles. We adjusted the IPTW and
IPCW Cox proportional hazard models for age (years), sex, pri-
mary renal disease, country, previous kidney transplantation
(yes/no), dialysis vintage (years) and comorbidities (diabetes,
cerebrovascular disease, ischaemic heart disease, peripheral vas-
cular disease, congestive heart failure and malignancy), with
CHD as a reference group. We also present results from
unweighted, unadjusted Cox proportional hazard models with
haemodialysis treatment as time-varying exposure. We present
hazard ratios (HRs) for EHD only because of the heterogeneity
of the other haemodialysis regimens and the ensuing limited
interpretability.
The completeness of comorbidity data varied, ranging from
11% missing for diabetes to 22% missing for congestive heart
failure. We therefore imputed missing comorbidity data using
the R aregImpute function with 10 imputations with predictive
mean matching. Variables in the imputation model included
age at each record (years), age at the start of dialysis (years), sex,
primary renal disease, previous kidney transplantation (yes/
no), dialysis vintage (years), time on RRT (years), time since
transplantation (years), indicators of censoring, transplantation
and death at each record and at any time during follow-up,
indicators of treatment at each record and during follow-up
and comorbidities (diabetes, cerebrovascular disease, ischemic
heart disease, peripheral vascular disease, congestive heart fail-
ure and malignancy). We analysed each of the imputed datasets
separately and pooled the results according to Rubin’s rules
[24].
As patients from France constituted most of the study popu-
lation (71% of all patients), we repeated all analyses excluding
data from this registry. Furthermore, we repeated all analyses
excluding patients with missing comorbidity data, excluding
patients that were ever treated with home haemodialysis
and exclusively including incident patients treated with haemo-
dialysis (RRT vintage <180 days). Finally, we conducted a pro-
pensity score matched analysis, matching patients ever treated
with EHD with up to 20 patients exclusively treated with CHD
using propensity scores as calculated for the IPTWs, within a
0.1 caliper.
We reported HRs with 95% confidence intervals (CIs).
Furthermore, we created Kaplan–Meier curves weighted
for the product of IPTW and IPCW [25]. We considered
P 0.05 (two-tailed) statistically significant and used R version
3.5.1 (R Foundation for Statistical Computing, Vienna, Austria)
for all analyses.
R E S U L T S
Our cohort included a total of 142 640 prevalent patients from
eight European countries treated with haemodialysis between
2010 and 2017. Of them, 89 819 were exclusively treated with
CHD, 1338 were ever treated with EHD and 51 483 were ever
treated with other haemodialysis regimens but never with EHD
(Table 1). Of note, the latter group included 109 patients ever
treated with frequent EHD (four or more times weekly, 6 h/
treatment). These treatments were also classified as other hae-
modialysis regimens because of their limited occurrence.
Compared with patients exclusively treated with CHD, patients
ever treated with EHD were generally younger (mean 55 versus
67 years), had been on dialysis longer (median 1.7 versus
0.4 years), were more often treated at home (6% versus 0%) and
more often had a previous kidney transplantation (26% versus
9%). Also, patients ever treated with EHD less often had comor-
bidities, such as diabetes and cardiovascular diseases, and less
often had diabetes or hypertension as primary renal disease.
Haemodialysis session duration and frequency
CHD was delivered three times weekly for, on average,
3.9 6 0.2 h per session (11.8 6 0.5 h weekly), whereas EHD was
delivered three times weekly for 7.1 6 0.8 h per session
(21.4 6 2.5 h weekly) (Figure 1). Other haemodialysis regimens
were delivered, on average, 3.0 6 0.8 times weekly (range 1–7)
for a mean of 3.9 6 0.8 h per session (range 0.1–10), amounting
to a mean of 11.6 6 3.5 h weekly (range 0.1–56).
Mortality
A total of 41 892 patients died while treated with CHD
(13.5/100 person-years), whereas 179 patients died while
treated with EHD (6.0/100 person-years) and 16 421 patients
died while treated with other haemodialysis regimens (16.1/100
person-years). A total of 17 963 patients received a kidney
transplant while treated with CHD (5.8/100 person-years),
whereas 308 patients received a kidney transplant while treated
with EHD (10.4/100 person-years) and 5977 while on other
haemodialysis regimens (5.9/100 person-years). From the total
of 1338 patients ever treated with EHD, 468 (35%) transferred
from EHD to CHD or other haemodialysis regimens, after an
average recorded treatment duration of 2.5 6 1.8 years. The
mortality rates (with deaths attributed to EHD after initiation)
were similar for patients that initiated EHD but transferred
from EHD to CHD or other haemodialysis regimens (7.5/100
person-years) and for patients that initiated EHD and did not
transfer (7.5/100 person-years).
In the primary analyses, we attributed death to the treatment
at time of death. In an ordinary unweighted, unadjusted Cox
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proportional hazard model, EHD was associated with a mortal-
ity HR of 0.41 (95% CI 0.36–0.48) compared with CHD. Using
marginal structural models adjusted for case-mix factors and
treatment history, we found that patients treated with EHD had
a mortality HR of 0.73 (95% CI 0.62–0.85) compared with
patients treated with CHD (Figure 2 and Table 2).
In the secondary analyses, we attributed all deaths that oc-
curred after a patient had ever been treated with EHD to EHD,
Table 1. Characteristics of patients exclusively treated with CHD, patients ever treated with EHD and patients treated with other haemodialysis regimens,
at the time of the first record of haemodialysis session duration and frequency
Characteristics Exclusively treated with CHD Ever treated with EHD Ever treated with other haemodialysis regimena
(n¼ 89 819) (n¼ 1338) (n¼ 51 483)
Age (years), mean 6 SD 67 615 55 615 67 616
Male, n (%) 56 360 (63) 993 (74) 32 229 (63)
Primary renal disease, n (%)
Glomerulonephritis 12 500 (14) 363 (27) 7244 (14)
Pyelonephritis 5080 (6) 103 (8) 3078 (6)
Polycystic kidney disease 5675 (6) 129 (10) 3295 (6)
Diabetes 20 871 (23) 235 (18) 11 870 (23)
Hypertension 18 675 (21) 158 (12) 10 334 (20)
Renal vascular disease 2053 (2) 15 (1) 1113 (2)
Miscellaneous 13 672 (15) 243 (18) 8233 (16)
Unknown 11 293 (13) 92 (7) 6316 (12)
Dialysis vintage (years), median (IQR) 0.4 (0.0–2.4) 1.7 (0.0–5.3) 0.5 (0.0–2.6)
Time on RRT (years), median (IQR) 0.4 (0.0–3.0) 2.4 (0.0–10.5) 0.5 (0.0–3.2)
Previous transplantation, n (%) 8348 (9) 347 (26) 5321 (10)
Ever treated with home haemodialysis, n (%) 233 (0) 77 (6) 1407 (3)
Comorbiditiesb, n (%)
Diabetes mellitus 35 201 (39) 390 (29) 20 323 (40)
Cerebrovascular disease 10 015 (11) 63 (5) 5934 (12)
Ischaemic heart disease 21 323 (24) 197 (15) 12 246 (24)
Peripheral vascular disease 17 015 (19) 150 (11) 9205 (18)
Congestive heart failure 19 582 (22) 165 (12) 10 752 (23)
Malignancy 9475 (11) 106 (8) 5540 (11)
Country, n (%)
Austria 5792 (6) 28 (2) 3313 (6)
Belgium, French-speaking 3166 (4) 112 (8) 1048 (2)
Catalonia (Spain) 6769 (8) 95 (7) 3076 (6)
Finland 1443 (2) 22 (2) 2009 (4)
France 66 552 (74) 910 (68) 33 418 (65)
Norway 1329 (2) 0 (0) 1725 (3)
Sweden 2409 (3) 73 (5) 4599 (9)
Scotland (the UK) 2359 (3) 98 (7) 2295 (5)
SD, standard deviation; IQR, interquartile range.
aPatients in this category were never treated with EHD but were ever treated with other haemodialysis regimens.
bComorbidity data were incomplete and missing comorbidity data were therefore imputed. Percentage missing comorbidity data: diabetes mellitus, 11%; cerebrovascular disease, 13%,
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FIGURE 1: Distribution of haemodialysis session duration in treatment with CHD (grey bars, 383 204 records) and EHD (black bars, 3111
records), as a percentage of the total number of records per treatment group.
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regardless of the treatment at time of death. In the unweighted,
unadjusted Cox proportional hazard model, EHD was associ-
ated with a mortality HR of 0.50 (95% CI 0.45–0.56) compared
with CHD. Using marginal structural models adjusted for case-
mix factors and treatment history, we found that patients
treated with EHD had a mortality HR of 0.80 (95% CI 0.71–
0.90) compared with patients treated with CHD.
Sensitivity analyses excluding data from France confirmed
our finding that patients treated with EHD had a lower mortal-
ity risk compared with patients treated with CHD
(Supplementary data, Table S1). Although the effect estimates
for EHD were even larger when excluding data from France,
characteristics of patients treated with CHD or EHD were
largely similar in the French registry and other registries (data
not shown). Furthermore, we repeated the primary and second-
ary analyses adjusted for RRT vintage instead of dialysis vintage,
which yielded numerically similar results (data not shown).
Our finding of lower mortality risk with EHD was also con-
firmed by sensitivity analyses excluding patients with missing
comorbidity data (Supplementary data, Table S2), sensitivity
analyses excluding patients ever treated with home haemodialy-
sis (Supplementary data Table S3), sensitivity analyses exclu-
sively including incident patients treated with haemodialysis
(Supplementary data, Table S4) and a propensity score matched
analysis (Supplementary data, Tables S5 and S6).
D I S C U S S I O N
In this cohort of prevalent patients from eight European coun-
tries treated with haemodialysis three times weekly, we found
that patients treated with EHD had a significantly lower mortal-
ity risk than patients treated with CHD. Our findings extend
those of previous studies in patients from the USA to European
patients treated with haemodialysis and support the hypothesis
that EHD improves survival.
To our knowledge, this is the first study to investigate the
effect of EHD (three times weekly, 6 h/treatment) on survival
in a European population. Previously the Frequent
Hemodialysis Network: Nocturnal Trial investigated the effect
of frequent nocturnal haemodialysis (six times weekly, 6 h/
treatment) on survival, which was non-significant [11].
However, this trial was underpowered due to recruitment diffi-
culties. Other trials with different endpoints include a Canadian
trial and the A Clinical Trial of IntensiVE Dialysis (ACTIVE) di-
alysis trial. The Canadian trial randomized patients to in-centre
or home haemodialysis three times weekly and nocturnal hae-
modialysis six times weekly and found reductions in left ventric-
ular mass, systolic blood pressure, serum phosphate and
parathyroid hormone [26]. The ACTIVE dialysis trial random-
ized patients to haemodialysis 12–18 h/week and 24 h/week
and found reductions in serum phosphate and prescriptions of
antihypertensives, but no improvements in quality of life [27]. A
recent analysis of the ACTIVE dialysis trial showed no survival
benefit for EHD 4 years post-intervention. However, the
ACTIVE trial was not powered to detect mortality differences,
and only very few patients in the EHD group were treated for
24 h/week post-intervention [13]. Moreover, these three trials
were not designed to assess the impact of haemodialysis session
duration separately from frequency. These limitations empha-
size the need for thorough analyses of haemodialysis cohorts.
Several observational studies have investigated the effect of
EHD three times weekly among haemodialysis cohorts in the
USA [14–16] and Turkey [17], with greatly varying effect esti-
mates from 10 to 72%. Our data showed 20% lower mortality
risk for EHD three times weekly compared with CHD. This var-
iation may be due to differences in study design, analytical ap-
proach, health care systems and population. For example, our
estimates are smaller than a large recent study that used a simi-
lar analytical approach but investigated patients from the USA
[16]. Nevertheless, estimates of this study and previous studies
are all in the same direction, indicating a robust effect of EHD.
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FIGURE 2: Weighted (IPT and IPC) Kaplan–Meier (KM) curves for
EHD (dashed line) and CHD (solid line). We show the number of
patients at risk of death per year at the bottom of the graph for EHD
(top row) and CHD (bottom row).
Table 2. Mortality risk in EHD compared with CHD in prevalent patients treated with haemodialysis in eight European countries between 2010 and 2017
(n¼ 142 640)
Variable Number of deaths Person-years Mortality ratea Adjusted HR (95% CI)b
Death attributed to the treatment at time of death (primary analysis)
CHD 41 892 310 712 13.5 1.0 (ref.)
EHD 179 2966 6.0 0.73 (0.62–0.85)
All deaths attributed to EHD after initiation (secondary analysis)
CHD 41 832 310 275 13.5 1.0 (ref.)
EHD 303 4039 7.5 0.80 (0.71–0.90)
aPer 100 person-years.
bHR from marginal structural model with Cox regression, adjusted for age (years), sex, primary renal disease, country, previous kidney transplantation (yes/no), dialysis vintage (years)
and comorbidities (diabetes, cerebrovascular disease, ischaemic heart disease, peripheral vascular disease, congestive heart failure and malignancy). Reference group is CHD.
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The reduced mortality in EHD may develop through several
mechanisms. Several studies have shown associations of EHD
with lower phosphate levels [28]. High phosphate levels are as-
sociated with vascular calcification and arterial stiffness [29],
which are risk factors for left ventricular dysfunction and heart
failure among patients with chronic kidney disease [30], and
thus mortality. Indeed, some studies, including one randomized
trial, have suggested reductions of left ventricular mass with
EHD [17, 26, 31–33], although this was not confirmed in two
other randomized trials [11, 27]. Furthermore, high phosphate
levels are associated with endothelial dysfunction, which may
predispose to atherosclerosis [34]. EHD is also associated with
higher removal of fibroblast growth factor 23 [35], which is as-
sociated with left ventricular hypertrophy and mortality [36].
On the other hand, EHD allows for a substantially lower ultra-
filtration rate than CHD. High ultrafiltration rates in CHD are
associated with myocardial stunning, which over time results in
impaired segmental and global left ventricular function [37].
Slower fluid removal is associated with lower blood pressure
and reduced mortality [38], an association that was also ob-
served by Charra et al. [39], who were one of the first to report
low mortality rates among patients treated with EHD.
Our findings support the hypothesis that extending haemo-
dialysis hours during treatment three times weekly improves
survival. Still, all prior studies [14–17], including ours, have
been observational, which cannot prove causation. Importantly,
patients opting for EHD are generally a selected subgroup.
Although there may be various reasons for initiating EHD, such
as pregnancy or calciphylaxis, often patients initiating EHD are
younger, treated at home, healthier, more motivated and more
likely to adhere to treatment. Indeed, patients treated with EHD
had higher transplantation rates and less often had comorbid-
ities such as cerebrovascular disease and ischaemic heart disease
compared with patients treated with CHD. We therefore
accounted for censoring and comorbidities in our analyses,
which yielded much lower estimates compared with unadjusted,
unweighted analyses. Nevertheless, unmeasured confounders
may have led to improved survival independent of the treat-
ment, such as fitness, for which transplantation eligibility could
be a proxy. Although RCTs could overcome this issue, a previ-
ous trial that randomly assigned patients to frequent nocturnal
haemodialysis failed to recruit sufficient patients [11], as did an-
other trial that randomly assigned patients to haemodialysis and
peritoneal dialysis [40]. This indicates that patients are generally
reluctant to be randomized to treatments such as dialysis modal-
ities that have a tremendous impact on daily life. It is therefore
questionable whether an adequately powered RCT investigating
the effect of EHD on mortality will take place.
In this study, we investigated the effect of EHD separate from
treatment frequency. Two observational studies investigating
more frequent (4 weekly) EHD compared with CHD reported
larger mortality risk reductions compared with our study (45 and
66%) [8, 9]. However, these estimates are not directly comparable
to ours due to differences in population and study design.
Moreover, frequent haemodialysis increases the risk of vascular
access complications [41]. Therefore further study into the added
value of frequent treatment in EHD would be useful.
The major strength of this study is that by using data from
population-based national and regional registries contributing
to the ERA-EDTA Registry, our cohort covered all adult
patients treated with haemodialysis in the respective countries
and regions, thus representing a large, unselected population.
We therefore believe our results are generalizable to a broad
population of European patients treated with haemodialysis.
Also, we used marginal structural models for causal inference,
which are sophisticated statistical methods to account for the
propensity of healthier patients to survive to transfer to EHD.
Nevertheless, our findings should also be viewed within the
context of certain limitations. The ERA-EDTA Registry
depends on data provided by national and regional registries,
which did not include haemodialysis session duration and fre-
quency in many registries. In addition, we studied prevalent
patients treated with haemodialysis, which may have intro-
duced survivor bias. Furthermore, data on reasons for transfer
to EHD were not available. This may have included a full-time
job or other daily activities that are accompanied by more
favourable outcomes, introducing potential indication bias.
Other limitations include unavailable data on clinical informa-
tion, including vascular access type, type of dialysis membrane,
ultrafiltration rate, actual amount of delivered haemodialysis
and transplantation eligibility. Also, we did not distinguish be-
tween haemodialysis and haemodiafiltration, which could have
led to lower estimates due to potentially more frequent haemo-
diafiltration in conventional regimens, which may improve
survival [42]. Nevertheless, every observational study is limited
by potentially unmeasured confounders and selection bias.
In conclusion, European patients treated with EHD three
times weekly have a lower mortality risk compared with
patients treated with CHD. This indicates that extending
haemodialysis to 6 h during treatment three times weekly
may improve survival. Further studies could investigate the
added value of frequent treatment in EHD.
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A B S T R A C T
Background. Cardiovascular morbidity and mortality is high in
patients starting dialysis and could be related to modifications
of calcification inducers and inhibitors by dialysis, promoting
cardiovascular events. The impact of dialysis initiation on se-
rum calcification propensity evolution and arterial stiffness is
unknown. We therefore prospectively determined the evolution
of the one-half maximal transition time (T50) value and its main
determinants as well as pulse wave velocity over the first 3
months of dialysis initiation.
Methods. We analysed the evolution of T50, fetuin-A and min-
eral metabolism parameters before dialysis initiation (M0) and
monthly until Month 3 (M3) in incident patients starting hae-
modialysis (HD) or peritoneal dialysis (PD) in two tertiary
Swiss university hospitals. Arterial stiffness was assessed by
pulse tonometry at M0 and M3 and biological parameters were
compared between M0 and M3 and before/after HD. Linear
mixed models were used to assess parameter evolution over
time, taking into account repeated measures and other influenc-
ing variables.
Results. Forty-six patients on HD and 12 on PD were followed.
Among them, 45 were male (78%) with a median age of 67 years
(25th–75th quartile range 54–77). T50 significantly increased
between M0 and M3 from 183 (120–266) to 246 min (175–330)
(P< 0.001). Fetuin-A, calcium and magnesium also increased
while phosphate decreased. Factors associated with T50 changes
over time were fetuin-A, phosphate and magnesium (P< 0.001).
Fetuin-A changes were associated with inflammation-related
factors (albumin, C-reactive protein) but not calcium and phos-
phate levels. Arterial stiffness was not significantly modified over
3 months. PD and HD initiation showed similar trends.
Conclusions. Dialysis initiation significantly improves calcifica-
tion propensity and fetuin-A levels. These modifications do not
explain the high mortality related to dialysis initiation. The clin-
ical relevance of using T50 values to initiate dialysis awaits fur-
ther studies.
Keywords: calcification, dialysis initiation, fetuin-A
I N T R O D U C T I O N
Chronic kidney disease (CKD) engenders major cardiovascular
(CV) mortality [1]. Haemodialysis (HD) and peritoneal dialysis
(PD) are initiated at CKD Stage 5 mostly in symptomatic urae-
mic patients to mitigate complications. However, an excessively
high mortality rate is observed during the first 3 months after
dialysis initiation as compared with the period thereafter,
mainly due to CV events [2]. For this reason, the issue of timing
of dialysis initiation is still debated and has not been settled
[3, 4]. Why dialysis initiation is associated with a high rate of
CV events is incompletely understood. Several hypotheses have
been proposed, such as vascular access problems or dialysis-
induced myocardial dysfunction or stunning [5]. Others have
suggested that cardiovascular events are triggered by acute
alterations in mineral metabolism that favour vascular stiffness
and calcifications, but prospective studies that have focused on
these properties in the early dialysis period are largely lacking.
Also, until recently, no clinical tests have been available to assess
the propensity of blood to promote or inhibit vascular calcifica-
tions [6, 7].
The one-half maximal transition time (T50) test [8] was de-
veloped for the assessment of serum calcification propensity.
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